High dietary intakes of tomato products are often associated with a reduced risk of CVD, but the atheroprotective mechanisms have not been established. This study was conducted to investigate the effects of increased dietary intake of tomato products on plasma lipids and LDL oxidation. The diet intervention included a baseline period, a 3-week low tomato diet (no tomato products allowed) and a 3-week high tomato diet (400 ml tomato juice and 30 mg tomato ketchup daily). Twenty-one healthy study subjects participated in the study. Total cholesterol concentration was reduced by 5·9 (SD 10) % (P¼0·002) and LDL cholesterol concentration by 12·9 (SD 17·0) % (P¼ 0·0002) with the high tomato diet compared to the low tomato diet. The changes in total and LDL cholesterol concentrations correlated significantly with the changes in serum lycopene (r 0·56, P¼ 0·009; r 0·60, P¼0·004, total and LDL, respectively), b-carotene (r 0·58, P¼ 0·005; r 0·70, P, 0·001) and g-carotene concentrations (r 0·64, P¼ 0·002; r 0·64, P¼ 0·002). The level of circulating LDL to resist formation of oxidized phospholipids increased 13 % (P¼0·02) in response to the high tomato diet. In conclusion, a high dietary intake of tomato products had atheroprotective effects, it significantly reduced LDL cholesterol levels, and increased LDL resistance to oxidation in healthy normocholesterolaemic adults. These atheroprotective features associated with changes in serum lycopene, b-carotene and g-carotene levels. Lycopene: Tomato: LDL: Cholesterol: Oxidation * Corresponding author: Dr Sohvi Hörkkö, Department of Farmacology and Toxicology, fax þ358 8 5375247, email sohvi.horkko @oulu.fi Abbreviations: LoTomato, Low tomato diet; HiTomato, high tomato diet; RLU, relative light units.
Tomato is one of the most widely consumed fruit/vegetable in the Western world, and it has been estimated that, for example, in America the average annual consumption of fresh tomatoes is approximately 8 kg per person and processed tomato products is 31 kg per person, making tomatoes the most frequently consumed canned vegetable 1 . Many tomato products are good source of potassium, folate, and the vitamins A, C and E. In addition, tomatoes also contain valuable phytochemicals including carotenoids and polyphenols (such as a-, b-, g-carotene, lutein, lycopene, b-carotene) and flavonoids (USDA Nutrient Data Bank, http://www.bal. usda.gov). These tomato phytochemicals, especially lycopene, have been frequently associated with a reduced risk of CVD 2 -9 .
High dietary intakes of tomatoes and plasma concentrations of carotenoids have been associated with a reduced risk of CVD 6, 10, 11 . Recently, growing evidence from several epidemiological studies has indicated that lycopene, the major carotenoid in tomato, might be more important than other carotenoids in preventing atherosclerosis and CVD 2 -5,7,8 . Lycopene is a fat-soluble pigment that gives tomatoes, guavas, pink grapefruit, watermelon and a limited number of other foods their red colour. Lycopene in tomatoes is released from cell wall protein-carotenoid complexes during processing, homogenizing and heating, and therefore, the bioavailability of lycopene is better from processed tomato products such as juice and sauce, for example, than from fresh tomatoes 12, 13 . Lycopene is a powerful antioxidant in vitro, when the antioxidative capacity is measured as a capacity to quench singlet oxygen molecules 14 , and it has been speculated whether lycopene would be able to prevent the oxidative modification of LDL (oxidized LDL) in vivo. To date, the results from in vivo studies in man are not consistent: some studies have reported that dietary lycopene inhibits LDL oxidation 15 whereas others have not observed such an effect 16 . In addition to its powerful antioxidant properties, lycopene has been suggested to directly influence lipoprotein metabolism 17, 18 .
The aim of the current study was to investigate the atheroprotective properties of increased daily dietary intake of tomato products on plasma lipids. We carried out an intervention, during which the dietary intake of tomato products increased by using tomato juice and ketchup, in addition to te habitual diets of the study subjects. We evaluated the influence of high versus low dietary tomato intake on serum lycopene, carotenoid and vitamin C levels, and on plasma total and LDL cholesterol levels, and on the capacity of LDL particles to resist oxidation.
Materials and methods

Subjects
Twenty-one (five men and sixteen women) healthy, non-smoking subjects working at the University Hospital of Oulu volunteered for the study. The age, height and weight of the subjects ranged from 20 to 49 years (mean 30 years), from 152 to 187 cm (mean 169 cm) and from 51 to 87 kg (mean 67 kg), respectively. The average BMI of the subjects was 23·5 (SD 2·3) kg/m 2 at baseline, and it did not change during the study. The subjects had no medical treatments except for seven women who used oral contraceptives.
The study was carried out in accordance with the instructions of the Declaration of Helsinki. Informed consent was obtained from each participant. The intervention was approved by the Ethical Committee of the Faculty of Medicine, University of Oulu.
Study design and diets
The intervention consisted of a 2-week baseline period, 3 weeks of low tomato diet and 3 weeks of high tomato diet. The study subjects followed their habitual diets and eating patterns during the intervention. Before the intervention, the nutritionist interviewed all the participants and instructed them individually how to follow low and high tomato diets without changing their normal everyday habitual diets. In addition, the subjects received written instructions including a detailed list of all other known lycopene-containing foods. During the low tomato diet, the subjects were not to consume tomatoes, tomato products such as tomato ketchup, tomato sauces, tomato juice, etc., and other vegetables and fruit containing lycopene (watermelon, apricot, rosehip and guava). During the high tomato diet, the study subjects consumed 400 ml tomato juice (Marli, Turku, Finland) containing 5·9 mg lycopene/100 ml and 30 g tomato ketchup (Felix w , Eslöv, Sweden) containing 12·4 mg lycopene/100 g daily, resulting in an average intake of 27 mg dietary lycopene/d. The nutrient content of the tomato juice is presented in the Table 1 . The participants were instructed to consume the tomato juice and ketchup with main meals (breakfast, lunch and dinner) during the day. The habitual consumption of tomatoes and other lycopene-rich foods was also allowed during the high tomato diet.
Laboratory measurements
Overnight fasting blood samples were drawn into EDTA-containing tubes for the measurement of plasma lipids, LDL oxidation, apoB, a-carotene, b-carotene, g-carotene, b-cryptoxanthin, lycopene and vitamin C at the baseline and at the end of both diet periods and the washout period. The plasma samples were kept at 2708C until analysis.
Measurements of plasma lipids
To measure plasma lipids, plasma was separated by centrifugation at 1200 g (2600 rpm) for 15 min (48C). The total plasma cholesterol and TAG concentrations were determined enzymatically using a Kone Spesific Analyzer (kits by Roche (Basel, Switerland); catalogue no. 114892320216 and catalogue no. 12016648 122). The HDL cholesterol concentration was determined after precipitation of the plasma sample with heparin -manganese chloride. LDL cholesterol was calculated by the Friedewald formula 19 .
Measurement of LDL oxidation
LDL oxidation was measured with a sandwich chemiluminescent immunoassay utilizing a well-characterized murine monoclonal antibody EO6 as previously described 20, 21 . EO6 binds specifically to oxidized phospholipids in oxidized LDL. First, a polyclonal anti-human apoB-100 antibody (Biodesign (Saco, ME, USA); catalogue no. K45253G) was plated at 3 mg/ml overnight at 48C. After blocking with PBS buffer containing 1 % bovine serum albumin, the plasma samples at 1:25 dilution (saturating concentration) were incubated for 1 h to capture LDL particles into the microtitre wells. The wells were washed three times with PBS to remove EDTA and subjected to oxidation by adding CuSO 4 solution (5 mM) and incubating at 378C for 90 min. The oxidation was stopped by washing the plates with EDTA containing PBS and the amount of oxidized phospholipid epitopes in apoB-100 particles was measured with biotinylated EO6. The antibody bound was detected with alkaline phosphatase-labelled Neutravidin (Pierce (Rockford, IL, USA); catalogue no. 31 002) and LumiPhos 530 (Lumigen Inc., Southfield, MI, USA; catalogue no. P-501) substrate. Each plasma sample was measured in triplicate wells and all plasma samples from each study subject were in the same microtitre plate. In parallel wells the capture of equal amounts of apoB from the plasma samples was verified using biotinylated anti-apoB antibody (Biodesign).
Analysis of plasma carotenoids, a-tocopherol and vitamin C
The concentrations of a-, b-, g-carotenoids, lycopene and a-tocopherol were determined by HPLC methods as described 22, 23 . Peak height/internal standard ratios were compared to the ratios of a secondary plasma standard whose values were traceable to National Institute of Standardization and Technology (Gaithersburg, MD, USA) certified serum materials, 968b. Lycopene isomers were resolved as two peaks, the first was designated trans isomers and the second cis isomers. The precision between series (n 10) for b-cryptoxanthin, a-carotene, b-carotene, g-carotene, a-tocopherol and trans and cis isomers of lycopene ranged between 5·4 and 7·9 CV%. For the measurement of plasma vitamin C, 0·5 ml plasma was added to 4·5 ml 5 % metaphosphoric acid within 1 h after venepuncture and stored at 2 708C. Total ascorbic acid was determined with an automated fluorimetric method using orthophenylenediamine and standardized against daily prepared ascorbic acid in 5 % metaphosphoric acid 24 .
Statistical methods
The normality of distributions of all variables was first tested by the Shapiro-Wilk test. The distributions of plasma aand b-carotene, and TAG were skewed, and their differences during the intervention were first tested by Friedman test for repeated measurements. The differences between the baseline period and diet periods were further tested by using the sign test. Student's t-test was used for variables that were normally distributed (plasma b-cryptoxanthin, g-carotene, total lycopene, vitamin C, total cholesterol, HDL cholesterol, LDL cholesterol and EO6 binding). Spearman's correlation coefficient was used to determine the associations between the variables that were skewed. The changes of the variables were normally distributed and Pearson correlation coefficient was used to test their associations. The differences were considered significant at the 5 % level. The SPSS computer program version 9.0 (SPSS Inc., Chicago, IL, USA) was used in the statistical analyses. All values are expressed as mean and standard deviations, unless otherwise stated. Fig. 1 demonstrates the serum levels of lycopene, a-, band gcarotenes, and a-tocopherol levels during the different intervention diets. Plasma lycopene levels decreased significantly from the baseline (0·307 (SD 0·149) mg/l) in response to the low tomato diet (0·130 (SD 0·053) mg/l, P(0·001), and increased significantly in response to the high tomato diet (0·473 (SD 0·153) mg/l, P(0·001), as compared to both the baseline and the low tomato diet. Also, the plasma levels of b-carotene decreased significantly from the baseline (0·280 (SD 0·169) mg/l) in response to the low tomato diet (0·240 (SD 0·135) mg/l, P¼0·007), and increased in response to the high tomato diet (0·356 (SD 0·151) mg/l, P¼0·007). Also, the plasma levels of g-carotene decreased significantly from the baseline (0·027 (SD 0·012) mg/l) in response to the low tomato diet (0·015 (SD 0·0·006) mg/l, P,0·001), and increased in response to the high tomato diet (0·066 (SD 0·024) mg/l, P, 0·001). There were no statistically significant changes in the plasma levels of a-carotene, b-cryptoxanthin or a-tocopherol.
Results
Plasma levels of carotenoids
The plasma lycopene levels were related to g-carotene levels at baseline (r 0·84, P,0·001), on low tomato diet (r 0·67, P¼0·001) and on high tomato diet (r 0·89, P, 0·001) (data not shown). At baseline, plasma a-carotene concentrations were related to plasma b-carotene levels (r 0·84, P, 0·001) and b-cryptoxanthin levels (r 0·81, P, 0·001) (data not shown). No other correlations between the plasma carotenoids were noticed.
Plasma levels of total and LDL cholesterol Fig. 2 (A) demonstrates that the plasma total cholesterol levels decreased significantly during the high tomato diet (4·19 (SD 0·78) mmol/l), when compared to the baseline (4·43 (SD 0·64) mmol/l, P¼0·005) and to the low tomato diet (4·50 (SD 0·63) mmol/l, P¼0·002). Also, the LDL cholesterol levels decreased significantly during the high tomato diet (2·18 (SD 0·62) mmol/l), when compared to the baseline (2·44 (SD 0·51) mmol/l, P¼0·002) and to the low tomato diet (2·56 (SD 0·56) mmol/l, P¼0·0002) ( Fig. 2(B) ). There were no significant differences in plasma total or LDL cholesterol levels between the baseline diet and the low tomato diet.
The average plasma total cholesterol concentration was reduced by 5·9 (SD 10) % with the high tomato diet when compared to the low tomato diet, and 4·2 (SD 9·7) % when compared to the baseline diet. The average LDL cholesterol concentration was reduced by 12·9 (SD 17·0) % with the high tomato diet when compared to the low tomato diet, and 8·5 (SD 16·7) % when compared to the baseline diet. The changes in plasma total and LDL cholesterol levels were not associated with the baseline plasma total or LDL cholesterol levels, i.e. subjects with high plasma total and LDL cholesterol levels responded similarly to those with low levels (data not shown). No significant changes were observed in the HDL cholesterol and TAG concentrations during the study. Fig. 3 demonstrates the associations between the absolute changes (as mmol/l or mg/l) in plasma total cholesterol levels, LDL cholesterol levels and serum carotenoid levels in each of the study subjects between the high tomato diet v. the low tomato diet. Fig. 3 shows that the plasma total cholesterol levels were decreased in fifteen out of the twenty-one study subjects and LDL cholesterol levels were decreased in eighteen out of the twenty-one study subjects. The absolute changes in plasma total cholesterol concentrations correlated significantly with the absolute changes in serum lycopene (r 0·56, P¼0·009; Fig. 3(A) ), b-carotene (r 0·58, P¼0·005; Fig. 3(C) ) and g-carotene concentrations (r 0·64, P¼0·002; Fig. 3(E) ). Similarly, the absolute changes in plasma LDL cholesterol concentrations associated significantly with the absolute changes in the serum lycopene (r 0·60, P¼0·004; Fig. 3(B) ), b-carotene (r 0·70, P, 0·001; Fig. 3(D) ) and g-carotene concentrations (r 0·64, P¼0·002; Fig. 3(F) ). These associations were positive, so that the study subjects with the highest increase in their serum carotenoid levels were the ones with the smallest decrease in their total or LDL cholesterol levels (Fig. 3) . The changes in plasma total or LDL cholesterol levels were not associated with changes in a-tocopherol levels (data not shown).
Associations between the changes in serum levels of carotenoids and changes in plasma lipid levels
Plasma levels of vitamin C
The serum vitamin C levels increased significantly in response to the high tomato diet (11·78 (SD 2·53) mg/l, P(0·05), when compared to the baseline diet (10·96 (SD 2·77) mg/l) ( Fig. 1 ). No significant changes were observed in the vitamin C levels between the baseline diet and the low tomato diet (Fig. 1) . The absolute changes in serum vitamin C levels (as mg/l) associated significantly with the absolutes changes in serum lycopene levels (r 0·53, P¼0·01) and serum g-carotene levels (r 0·61, P¼0·003) between the high tomato diet and the low tomato diet among all the study subjects ( Fig. 4) .
LDL oxidation
The level of LDL oxidation was measured with a sensitive capture ELISA-method. In this method LDL particles are directly captured from plasma samples on to microtitre wells with an anti-apoB antibody and then subjected to oxidation with addition of copper ions. The oxidation is stopped and the amount of oxidation is measured with a murine monoclonal antibody EO6 specific for oxidized phospholipid epitopes 20, 25 . Fig. 5 shows that LDL oxidation decreased significantly from the baseline (EO6 binding 107 978 (SD 38 478) relative light units (RLU)/ms) in response to the high tomato diet (EO6 binding 93 220 (SD 40 732) RLU/ms) (P¼0·02). The EO6 binding was 13 (SD 36) % lower on the high tomato diet compared to the baseline (Fig. 5 ). The amount of LDL oxidation was not associated with changes in plasma carotenoids or a-tocopherol levels (data not shown).
Discussion
The major finding of the present study was that increased daily consumption of tomato juice and tomato tomato ketchup resulted in a significant decrease in LDL cholesterol concentration in combination with the ability of LDL particles to resist copper ion-induced oxidation in healthy normocholesterolaemic adults. Simultaneously, plasma levels of lycopene, b-carotene, g-carotene and vitamin C levels increased.
The role of lycopene and other carotenoids abundant in tomato products in development and progression of atherosclerosis has been of vast interest among researchers in the past years (reviewed in Rao & Rao 26 ). Earlier epidemiological studies have suggested that lycopene may confer atheroprotection 2 -8 . Also, high adipose tissue lycopene levels have been shown to reduce the risk of developing a CVD by 48 % 7 . In contrast, low serum lycopene levels have been reported to associate with subclinical atherosclerosis, manifested as increased intima-media thickness of the common artery wall 4, 5 and as calcified deposits in the abdominal aorta 2 . Furthermore, an inverse relationship has been demonstated between serum lycopene concentration and the risk of acute coronary events, such as myocardial infarction, and stroke 3, 6 .
Despite the numerous epidemiological studies showing an inverse association between high consumption of tomato products and CVD, the protective mechanisms are scantily known. We found two possible mechanisms that may contribute to the atheroprotective effects of high intake of tomato products. First, just within 3 weeks of consuming the high amount of tomato products, the plasma total and LDL cholesterol levels dropped, by almost 6 % and 13 %, respectively. These changes can be regarded as significant considering that the time period was only 3 weeks and that all of the study subjects were normocholesterolaemic at baseline. Moreover, no association was found between the baseline initial plasma cholesterol levels (which ranged from 3·30 to 5·81 mmol/l) and the extent of the decrease in plasma cholesterol levels when comparing each individual subject in the high tomato diet v. the low tomato diet. The present data, although not conclusive, strongly suggest that subjects with 'higher' plasma cholesterol levels respond similarly to those with 'lower' plasma cholesterol levels. To date, only a few previous dietary interventions have tested the effect of tomato products or dietary lycopene on plasma cholesterol concentration in man. In another 3-week intervention study 27 , a daily intake of 20 mg lycopene from tomato juice or watermelon juice had no effect on the plasma lipid concentrations of ten subjects. In contrast, Hadley and co-workers found that a daily dose of 25 -35 mg lycopene from tomato soup or juice for 2 weeks resulted in a decrease of plasma total cholesterol levels from 5·23 mmol/l (baseline) to 4·75 mmol/l (intervention) 17 .
Several possible mechanisms for the decreased LDL cholesterol levels during the high tomato diet can be discussed. Previous cell cultures have shown that addition of lycopene to macrophages suppresses cellular cholesterol synthesis by approximately 40 % by directly inhibiting cellular 3-hydroxy-3-methylglutaryl-CoA reductase activity 18 . This suppression was concomitant with increased uptake and degradation of LDL particles by the macrophages, suggesting simultaneous up-regulation of LDL receptor activity 18 . Similar effects were also seen with b-carotene 18 . Finally, the same authors 18 tested in vivo pure lycopene supplementation (60 mg/d) for 3 months in six healthy male subjects and showed that lycopene reduced plasma LDL cholesterol concentration by 14 %. In the present study, we observed a comparable reduction of 13 % in the plasma LDL cholesterol concentration in response to a shorter period of intervention time (only 3 weeks) with tomato juice and ketchup. However, we were surprised that in the present study the correlations between the absolute changes in serum carotenoids (lycopene, b-carotene and g-carotene) and plasma total and LDL cholesterol concentrations were positive. This means that the more the serum lycopene (or b-carotene or g-carotene) level increased from the low tomato diet to the high tomato diet, the less pronounced was the plasma total and LDL cholesterol decrement among all of the study subjects (as shown in Fig. 3) . These correlations were marked, suggesting to us that the changes observed in total and LDL cholesterol concentrations were indeed related to the high intake of tomato products, but among the study subjects there is individual variability in response to the carotenoids. It may also be that there are some other components in the tomato product that affected cholesterol levels. Tomatoes are rich in other carotenoids, vitamins and flavonoids and these may also have accounted for the cholesterol-lowering effect. Tomatoes also contain steroidal glycoalkaloid tomatine, which is known to form strong insoluble 1:1 complexes with cholesterol molecules in vitro, and tomatine has been demonstrated to decrease plasma cholesterol levels in animals 28, 29 .
The second possible mechanism contributing to the atheroprotective effects of high intake of tomato products that we found in the present study was the ability of the LDL particles to resist oxidation. In in vitro studies, lycopene has clearly demonstrated to be a more potent antioxidant than aand b-carotene 14 , and the protective effect of lycopene has been primarily attributed to its antioxidant activity. The ability of lycopene to prevent oxidation of lipids in man has been tested in some previous diet interventions, but the results are conflicting. A number of previous studies have reported that increased dietary lycopene or consumption of tomato products reduces oxidative stress and oxidation of lipids 15,17,30 -34 , whereas other investigators have not found any significant effect of lycopene supplementation on biomarkers of oxidative stress 16, 27, 35, 36 . We found that dietary supplementation with processed tomato products (tomato juice and ketchup) increased the resistance of LDL particles to oxidation. Methodologically, the present study is somewhat different to previous interventions. The ability of LDL to resist oxidation has been usually investigated by a measurement of lag phase of conjugated diene formation or formation of thiobarbituric acid reactive substances, when LDL isolated by sequential ultracentrifugation is exposed to copper ions 16, 17, 34, 36, 37 . In the present experiments, we captured the LDL particles directly from the plasma samples into microtitre wells with an anti-apoB antibody without ultracentrifugation. The LDL particles were subjected to copper-induced oxidation in the microtitre wells and the amount of oxidation was measured with a well-characterized monoclonal antibody EO6 which binds to oxidized phospholipid epitopes on the LDL particles 20 . This monoclonal antibody was cloned from apoE 2/2 mice and it binds to oxidized phospholipid containing the phosphorylcholine head group, but not to native unoxidized phospholipids, even though they contain the phosphorylcholine head group 20, 25, 38 . Oxidized phospholipids are a predominant component of oxidized LDL and have been demonstrated to have many pro-inflammatory and proatherogenic properties 37 . We found that the amount of oxidized LDL after oxidation, which represents the relative amount of oxidized phospholipids detected by EO6, was reduced by 13 % in response to the high lycopene diet as compared to the baseline diet. Based on the findings of us and others 15, 17, 33, 34 , it seems that dietary lycopene may reduce lipid oxidation. However, we can only speculate that the decreased lipid oxidation seen in the present study was due to increase in plasma lycopene concentrations. Other carotenoids, vitamins, as well as flavonoids and related polyphenols, rich in tomato products may also have influenced the lipid peroxidation. For example, tomatoes contain flavanones, polyphenol derivatives, which have become well known in recent years for their powerful antioxidant potential (reviewed in Scalbert et al. 39 ). Polyphenols are plant-derived reducing agents conferring protection against LDL oxidation and oxidative stress, and may prevent various diseases, such as cancers, CVD and inflammation 40 -42 . Interestingly, recent data suggest that some polyphenolic compounds possess lipid-lowering properties, by increasing faecal cholesterol excretion 43 , reducing intestinal cholesterol absorption 44 or perhaps by increasing cellular LDL receptor activity 45 .
In the present intervention, the lengths of the low and high tomato diets were 3 weeks. This can be considered sufficient, because the changes in the plasma levels of lycopene and other carotenoids occur rapidly with variation in dietary intake 17 . Within these 3 weeks we were able to observe marked increase in serum concentrations of lycopene, and also b-carotene and g-carotene in response to the high lycopene diet, which indicates that the compliance with the intervention was good. A potential limitation of the present intervention is that the low and high lycopene diets were not controlled and the dietary intake of the subjects was not monitored. However, the study subjects were highly motivated (researchers, doctors and other health professionals working in the university hospital) and they received specific information and instructions about the study diets from an experienced nutritionist, and they were carefully and individually advised how to follow the low and high tomato diets without changing their habitual eating patterns. Therefore, we are confident that the changes in the plasma total and LDL cholesterol concentrations and in the LDL oxidation did not result from changes in the habitual diets of the study subjects. In addition, the strong correlations between the changes of the plasma concentrations of cholesterol and carotenoids indicate that alterations in the consumption of tomato products contributed to the reduction of plasma cholesterol concentration. The effect of dietary lycopene on plasma lipid concentrations and on the oxidation of LDL should be confirmed in larger groups and in different populations, and also in subjects with higher initial plasma lipid levels.
In conclusion, we found that high daily dietary intake of tomato juice and ketchup significantly reduced LDL cholesterol levels in healthy normocholesterolaemic adults. Also, the ability of LDL particles to resist copper-induced formation of oxidized phospholipids increased. These atheroprotective features were well associated with the changes observed in serum lycopene, b-carotene and g-carotene levels. The present study also raises a new question whether hypercholesterolaemic subjects would also benefit from the lipid-lowering properties of increased dietary intake of tomato products? Considering that tomato products are low in cost and rarely cause severe side-effects, the present data suggest that controlled large clinical and dietary interventions, as well as mechanistic studies, using tomato products are needed.
